There is rapid diminishing of water resources in many countries due to, for example, population growth and constant reduction in fresh water supply. The sewage wastewater, industrial effluents, and municipal wastewater are directly and indiscriminately discharged into rivers and lakes and thus primarily cause water pollution in Nepal. This has increased the water crisis and also causes environmental deterioration. Therefore, the need for the development of an effective, cheap, and environmentally friendly process for the treatment of wastewater before discharging into aquatic environment has emerged. Treatment by ozone produced from dielectric barrier discharge is one of the emerging technologies for such application. The ozonation process is more effective for disinfection and degradation of organic pollutants from water. The current study describes the treatment of wastewater of selected site within Kathmandu. Results on various physicochemical and microbial parameters of the inlet and outlet samples are discussed. Our results showed slight increase in pH, decrease in chemical oxygen demand, and significant increase in dissolved oxygen after ozonation. Importantly, ozonation caused total reduction of fecal coliform.
Introduction
Water pollution and also freshwater depletion because of inappropriate discharge of polluted effluents from agricultural, industrial, and domestic sewage activities are some of the major factors that contribute to environmental issues in Nepal [1] . The increasing pace of urbanization and human activities especially in developing countries continues to affect the quality and quantity of freshwater detrimentally. As such, there is urgent need for suitable methods of wastewater treatment [2, 3] . The sewage wastewater, industrial effluents, and municipal wastewater are directly and indiscriminately discharged into rivers and lakes which is the primary cause of water pollution in Nepal. This has increased the water crisis and also deteriorated the environment [3, 4] . Besides water crisis, water pollution can also be a source of air pollution through evaporation even into our homes causing various effects for example on health and materials [5, 6] . Water pollution, especially surface water, in developing countries has become more severe and critical with rapid urbanization and lack of adequate sanitation [7] . Usable water should exhibit certain parameters (physicochemical and biological) within an acceptable range. In order to meet this demand, water treatment is needed in some cases and various methods are already in practice. One of the emerging technologies in our context is to use ozone produced by dielectric barrier discharge. Reports on ozone treatment for water and/or wastewater are already published [8] [9] [10] . Ozonation processes are replacing conventional chlorination processes because of its stronger oxidizing nature and effective disinfectant property without any side effects [11, 12] . Ozone dispersion in water is accompanied by two basic processes, oxidation and disinfection [13] .
Ozone can be produced by various ways and in the current study a dielectric barrier discharge (DBD) technique was used. DBD has numerous applications such as ozone production, surface modification, material processing, biological decontamination, pollution control by oxidation of volatile organic compound or nitrogen monoxide, UV or vacuum ultra-violet (VUV) generation, aerosol charging, and electrofiltration, and one of its important application is the treatment of potable water and wastewater [14, 15] .
In a DBD reactor the electrical discharge takes place between electrodes where at least one of the electrodes is covered with a thin layer of dielectric material. The dielectric material used is a type of insulator and is made of ceramic, glass, PVC, and so forth. When an AC voltage is applied across the electrode, discharge is generated with the production of UV. The discharge is usually organized through a large number of filamentary channels of streamers, 100-200 m in diameter [12] .
When air is passed through the DBD under the influence of high energy electrons within the interelectrode space, the dissociation of oxygen molecules occurs. The atomic oxygen combines with another oxygen molecule to form a strong oxidizing agent that is ozone:
In addition to ozone, electric discharge in air produces variety of chemically active species, such as OH
, and O + . These species are short-lived and decay before ozone enriched air gets into the water. Ozone, thus produced, is released into the water where it oxidizes various organic and inorganic chemicals present in water and converts them into simpler form which gets easily decomposed in the nature [11] .
The main objective of the current study is to carry out treatment of wastewater by ozone produced in dielectric barrier discharge and to evaluate the different parameters. The results will be more interesting where wastewater is of similar quality and is generated in analogous way. Thus, these findings will ultimately be helpful to improve the quality of wastewater. This research was conducted at Kathmandu University from 2013 to 2014.
Materials and Methods
The wastewater samples were collected from Guheshwori wastewater treatment plant (WWTP) located at Guheshwori, Kathmandu, the capital city of Nepal. Sampling was done in two seasons, that is, before monsoon (May 10, 2013) and after monsoon (October 27, 2013). Sample preservation was done according to United States Environmental Protection Agency (USEPA) sample preservation guidelines. Samples were collected in different plastic bottles using different preservatives depending upon the parameter intended to be tested. Water samples were collected from the inlet (B) and outlet (A) of WWTP. After collection the samples were brought into the Plasma Laboratory of Kathmandu University where they were treated by ozone produced in dielectric barrier discharge (DBD). As depicted in Figure 1 , five replicates of inlet to WWTP were named B 1 -B 5 and outlet samples A 1 -A 5 . Replicates of both B and A samples were treated by ozone. System S 1 refers to Guheshwori WWTP whereas S 2 refers to ozone treatment. Different physicochemical parameters were analyzed in the chemistry laboratory and microbial parameter in the microbiology laboratory of Kathmandu University. Heavy metals like lead, cadmium, and chromium were analyzed in Environment and Public Health Organization (ENPHO) laboratory, Kathmandu. Different physicochemical and microbial parameters of the inlet (B), outlet (A), and ozone treated samples were compared after analysis.
Discharge from dielectric barrier was generated using high voltage AC power supply operating at 50 Hz. The electrode system was coaxial cylindrical in type. The anode was connected to the central rod made of brass placed inside the tube and cathode was connected by sheet of aluminum shielded outside of the tube. The thickness of glass was 1 mm. The gas passed inside the tube through the gap between the anode and the glass tube. It was supplied by air pump (ATEC Aquarium, AR-8500). The flow rate of air was 4 L/min. The concentration of ozone produced was measured by an ozone analyzer (Ozone Analyzer BMT 964, Messtechnik GmbH, Germany). The specification of the DBD system is given below.
Diameter of brass rod is 8 mm, length of outer electrode and central electrode is 15 cm and 23 cm respectively, thickness of dielectric (glass) is 1 mm, internal diameter of glass is 10 mm, and thickness of aluminum sheet is 0.5 mm. The experimental setup used for ozone generation in this study is shown in Figure 2 .
The wastewater samples (100 mL) were treated for 20 minutes at a voltage 19.5 kV. The concentration of ozone was Table 1 . Standard test methods were followed for analysis. Ferrous and other heavy metals were tested as reported elsewhere [16] .
Descriptive statistics was used for data analysis. Mean and standard deviation were used for calculation. Paired -test was done to check if the mean values were significantly different.
Results and Discussion
Different physicochemical and microbial parameters of inlet and outlet samples from Guheshwori WWTP were analyzed before and after treatment by ozone for two seasons (premonsoon and postmonsoon). In premonsoon season, the amount of water is low by which pollutants are more concentrated in the samples whereas in postmonsoon season washing off of solid might take place and thus there will be dilution of organic and inorganic pollutants. The following parameters were tested.
Fecal Coliform.
The experimental result of fecal coliform analysis is shown in Figure 3 . For premonsoon sampling, the mean value of coliform formation unit per 100 mL of fecal coliform of 5 replicates of inlet (B) and outlet (A) samples from Guheshwori WWTP is found to be 148 × 10 7 and 48 × 10 7 , respectively. After treatment by ozone the fecal coliform reduced to nil. Likewise, for postmonsoon sampling, the mean value of fecal coliform for B samples and A samples is 22.8. × 10 7 and 19.6 × 10 7 , respectively. Here, also after treatment by ozone fecal coliform reduced to zero.
3.2.
Color. Inlet (B) samples from the system S 1 were dark grey colored while outlet samples (A) were light grey colored. When the samples were treated by ozone (system S 2 ) color changed to light. In both cases, examination of the color was done visually. Similar results of decolorization of the samples were observed by Gharbani et al. [17] in which ozonation process enhanced degradation of the products. 
Dissolved Oxygen (DO) (mg/L).
For premonsoon sampling, the mean value of dissolved oxygen for five replicates of inlet samples (B) and outlet samples (A) from system S 1 is found to be 0.72 and 4.36, respectively. After treatment by ozone, the mean DO values are 9.41 and 9.55, respectively, for B and A samples. Similarly, for postmonsoon sampling, the mean value of dissolved oxygen for five replicates of inlet samples (B) and outlet samples (A) from system S 1 is found to be 1.1 and 4.3, respectively. After treatment by ozone the mean DO values are 8.6 and 9.5, respectively, for B and A samples. From the above data it is clear that the value of DO increased after treatment by system S 1 but this DO value is not enough to sustain aquatic life. Minimum DO level required for protection of aquatic life is 5.8 to 6.8 mg/L [18] . Importantly, as shown in Figure 4 , after treatment by ozone (system S 2 ) the DO level increased significantly and reached up to 9.55.
pH.
The mean value of pH of inlet samples (B) and outlet samples (A) from system S 1 is found to be 6.97 and 7.74, respectively, for premonsoon season and 7.25 and 7.56, respectively, for postmonsoon season. As shown in Figure 5 , after ozonation the mean value of pH is 8.39 and 8.41, respectively, for inlet and outlet samples for premonsoon season and 8.03 and 8.08, respectively, for postmonsoon samples which indicates slight increase in pH after ozonation. Subedi et al. [19] has also reported no significant change to marginal increment of pH after ozonation.
Electrical Conductivity ( S/cm).
For premonsoon sampling, the mean value of conductivity for five replicates of inlet (B) and outlet (A) samples before ozone treatment is found to be 1380.80 and 1263.60, respectively. After treatment by ozone, the mean conductivity values are 1423.75 and 1295.25 for B and A samples, respectively. Similarly, for postmonsoon sampling, the mean value of conductivity of inlet (B) and outlet (A) samples before ozonation is found to be 1349.20 and 966.8, respectively. After treatment by ozone the mean conductivity values are 1485.20 and 994.25 for B and A samples, respectively. These results are shown in Figure 6 and indicate that electrical conductivity did not change significantly after ozonation ( > 0.01). 
Total Dissolved Solid (TDS) (mg/L). The mean value of TDS of inlet samples (B) and outlet samples (A) from

Chemical Oxygen Demand (COD) (mg/L).
The mean value of COD of inlet and outlet samples from system S 1 was found to be 368.8 and 43.6, respectively. After ozonation these values decreased significantly to 275.2 and 31.9, respectively ( Figure 8 ). This result indicates the presence of series of chain reactions initiated by ozone dissolved in water which in turn fragmentize large organic molecules in water and thus decrease COD [14] . postmonsoon sampling, the mean value of nitrate of outlet samples from system S 1 is found to be 8620. After treatment by ozone, the mean nitrate value is 9160 for outlet samples (A) (Figure 9 ). Nitrate concentration increased after ozonation. It is because ozonation oxidizes some organic nitrogen into ammonia and nitrite ion into nitrate ion [20] . Also, ozone converts nitrite or other nitrogenous compounds in the water into nitrate by direct oxidation [19] .
Nitrate (mg/L).
Ferrous (mg/L).
The mean ferrous value of inlet samples (B) and outlet samples (A) from system S 1 is found to be 1.14 and 0.65, respectively, for premonsoon season, and for postmonsoon season it is 0.63 and 0.30, respectively. After treatment by ozone, the mean ferrous values are 1.03 and 0.65, respectively, for B and A samples for premonsoon season and for postmonsoon season 0.58 (B) and 0.29 (A) are observed ( Figure 10 ). Ferrous concentration decreased after ozonation. Similar results of reduction of ferrous concentration after ozonation was reported by Subedi et al. [19] .
Lead (mg/L).
Inlet samples before ozone treatment showed the mean value of lead concentration as 0.036. After treatment, concentration of lead could not be detected indicating the reduction in concentration.
Cadmium (mg/L).
Only two replicates of inlet samples showed cadmium concentration (0.02 and 0.01) and, after treatment by ozone, cadmium concentration could not be detected indicating the reduction in the concentration below the detection limit of the instrument (<0.003 mg/L).
Chromium (mg/L).
The mean value of inlet samples from system S 1 for chromium concentration is 0.058. In the outlet samples the chromium is not detected. After treatment by ozone, chromium is not detected in two samples of the replicates. The average value of three replicates is 0.03. The concentration of lead, cadmium, and chromium is depicted in Table 2 .
Conclusion
Ozone was produced by DBD and its concentration was nearly 800 ppm in 5 minute treatment time at 19.5 kV. Ozone increases DO remarkably and reduces fecal coliform to zero and thus showed very good disinfectant nature. Ozone lightens the color of wastewater, decreases COD, and increases pH slightly. There is not any significant change in electrical conductivity and total dissolved solid. Nitrate concentration increased after ozonation. Ferrous concentration decreased and concentration of other heavy metals as lead, cadmium, and chromium is found to be less than detection limit. Further, we are planning to investigate the relation between concentration of ozone released from dielectric barrier discharge, time of treatment, and effect on different parameters. 
